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(54) Abstract Title 

. Maintaining orthogonality between signals 

(57) A spread spectrum apparatus for an OQPSK {offset quadrature phase shift keying) DS/CDMA system 
maintains orthogonality between transmission signals during zero crossing. First and second input signals 
DI(t), DQ(t) are combined with orthogonal Walsh codes Wl(t), WQ(t) and are spread using corresponding PN 
sequences Pl(t) and PQ(t). A zero crossing detector 241 determines whether zero-crossing occurs for both the . 
first and second spread signals XI (t), XQ(t) and outputs a signal to selectors 247, 249 accordingly. First and 
second delays 243, 245 stagger the spread signals and these signals together with the spread signals Xl(t) and 
XQ(t) are forwarded to the selectors. Ordinarily the first and second spread signals are selected for 
transmission, but when zero-crossing is detected the staggered versions of these signals are selected to 
maintain orthogonality. Alternatively only one of the spread signals may be delayed (fig. 8). 
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FIG. 2 

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
with the formal requirements of the Patents Rules 1995 
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MODULATION APPARATUS AND METHOD 
USING ZERO-CROSSING DETECTION 



The present invention relates to a spread spectrum 
apparatus for a CDMA communication system, and in particular, to 
' an apparatus and method for maintaining orthogonality between 
channel signals using zero-crossing detection. 

Figure 1 illustrates a structure of a spread spectrum 
apparatus for a conventional OQPSK (Offset Quadrature Phase 
Shift Keying) DS/CDMA (Direct Sequence/Code Division Multiple 
Access) communication system. 

Referring to figure 1, a multiplier 105 multiplies I- 
channel, (or I-arm) input data DI(t) by. an orthogonal code WI(t) 
to modulate orthogonally the 1-channel input data DI (t) , and a 
multiplier .106 multiplies Q-channel (or Q-arm) input data DQ(t) 
by an orthogonal code WQ(t) to modulate orthogonally the Q- 
0 channel input data DQ(t). The orthogonally modulated I- and Q- 
channel. signals are gain controlled in gain controllers 107 and 
108, respectively, and then applied to a spreader. 

The spreader consists of multipliers 111-114. The 
25 multiplier 111 multiplies an output of the gain controller 107 
by an 1-channel spreading sequence PI (t) . The multiplier 112 
multiplies an output of the gain controller 108 by the I -channel 
spreading sequence PI(t). The multiplier 113 multiplies an 
output of the gain controller 108 by a Q-channel spreading 
30 sequence PQ(t) and the multiplier 114 multiplies an output of 
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the gain conquer *» >v «- — 1 — diw se9 7 ce 

x - ~~ - * ° £ the - uitipii r, 

113 from an output o £ the ^ 111 to generate an I- 
channel spread/signal - - ^ US adds an output o 

the multiplier 11* to an output * - 
generate a 0-channel spread signal «*, . -t - «« 
generates a difference between the signals output from 
lultipliers Ul ^ 113 as the X~el signal «,«. - a s 
of the signals output - the 1" «- " «" ° 

channel signal XQ(t) . 

hereafter, Che OOPSK system delays .he Q -channel 

• 1 XQ(t> by 1/2 =hip using a delay 119 prior to 
spread signal XQ(t) oy r- . 

f Iteming the spread signals »,*, and X Q( t>. through m .-ite 
Cise response, £i lte„- 1,0 and 121. That is, the X— 1 

d Jal «(« is conned to an 1-channel transmission 

e D read signal axv^ 

Ignal ..«« through the m £ ilt~ -0. and the. 

*Iead signal XCO is. delayed .1/2 chip through the ^ay . 

nverted to a Q-channel transmission signal SQ(t) 
and then converted w 

•0 through the FIR filter 121. 

Rs d escri*ed above, the conventional 
apparatus delays the .-channel spread signal »,„ .V 1« ~P 
t ! prevent ^-crossing of the spread signals »«« and X «. 
. there, avoiding ^-crossing o £ the transmiss^ 

« j ■ _ _ the Z ero-crossing, the FIR 
so(t>. By avoiding the z"u 

h-h 0 « the sidelobe, after being 
!«= have a reduced regrowth of the 

as OTplifier at a 

amplified by a non-linear circuit 



following stage. 



The CDMA system modulates the user channel using the 
orthogonal code. In this case, the time and phase of the one 
channel signal should coincide with that of the other channel 
signal to maintain the orthogonality between the two channel 
signals. Accordingly, unlike the QPSK DS/CDMA system, the OQPSK 
DS/CDMA system shown in figure 1 cannot maintain the 
orthogonality between the I-channel signal XI (t) and the Q- 
channel signal XQ(t), which . causes a phase error. That is, when 
an output signal of the OQPSK DS/CDMA system is demodulated at 
the receiver, the orthogonality between the I-channel signal and 
Q -channel signal is not maintained accurately even though there 
is no channel noises. This causes the phase error due to the 
interference between the channels, resulting in a performance 
degradation of the system. 

It is an object of the present invention to at least 
mitigate some of the problems associated with the prior art. 

Accordingly, the present invention provides modulation 

apparatus comprising 

a zero-crossing detector for determining whether zero- 
crossing occurs for a first signal and a second signal; 

means for outputting the first and. second signals so that 
one signal is delayed with respect to the other as first and 
second channel signals when the zero-crossing has been detected 
or the first and second signals as the first and second channel 
signals when the zero-crossing has not been detected. 



Further, an aspect of the present invention provides 
modulation apparatus comprising 

a zero-crossing detector for determining whether zero- 
crossing occurs for a first signal and a second signal; 

means for outputting the first and second signals so that 
one signal is delayed with respect to the other as first and 
second channel signals when the zero-crossing has been detected 
or the first and second signals as the first and second channel 
signals when the . zero-crossing has not been detected. 

Kdvantageously, embodiments of the present invention to 
provide a spread spectrum apparatus and method capable of 
maintaining an orthogonality between, transmission signals in a 
CDMA communication system. 

Further, embodiments of . the present invention provide an 
apparatus and method capable of avoiding zero-crossing while 
maintaining an orthogonality by determining whether or not zero-, 
crossing occurs, outputting spread spectrum signals as they are 
when zero-crossing does not occur and randomly delaying the 
spread spectrum signals when the zero-crossing occurs in a CDMA 
communication system. 

An embodiment provides a spread spectrum apparatus for a 

m the spread spectrum apparatus, a 
CDMA communication system. In the spreau 

first and second input signals with 
spreader combines first anu 

+ n „p ne rate first and second spread 
corresponding PN sequences to generate 

• no detector determines whether zero- 
signals. A zero-crossing detector 
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crossing occurs between the first spread signal and the second 
spread signal, to generate a zero-crossing detection signal. A 
first delay staggers the first spread signal in a first 
direction and a second delay for staggers the second spread 
signal in a second direction. A first selector selects one of 
the first spread signal and a first staggered signal output from 
the first delay in response to the. zero-crossing detection 
signal, arid a second selector selects one of the second spread 
signal and a second staggered signal output from the second 
delay in response to the zero-crossing detection signal, the 
first and second staggered signals are selected when the zero- 
crossing occurs, and the first and second spread signals are 
selected when the zero-crossing does not occur, thereby 
maintaining orthogonality of transmission signals. In an/ 
embodiment, the first channel is an in-phase channel and, the 
second channel is a quadrature phase channel. 

Preferably, the first delay shifts the first' spread signal 
in a first, preferably positive, direction by a preset chip or 
fraction of a chip and the second delay shifts the second spread 
signal in a second, preferably negative, direction by a preset 
chip or a fraction of a chip. For. example, the first delay 
shifts, the first spread signal by +1/4 chip and the second delay 
shifts the second spread signal by -1/4 chip. 

Embodiments of the present invention will now be described 
by way of example only with reference to the accompanying 

drawing in which: 

figure 1 is a diagram illustrating a spread spectrum 



apparatus of a conventional CDMA communication system; . 

figure 2 is a diagram . illustrating a spread spectrum 
apparatus of a CDMA communication system according to an 
embodiment of the present invention; 

figure 3 is a diagram illustrating, a zero-crossing 
cetector <241> of figure 2 according to a first embodiment of 

the present invention; 

figure 4 is a diagram illustrating a zero-crossing 
aetector ,241) of figure 2 according to a second embodiment of 

the present invention; 

figure 5 is a diagram illustrating a zero-crossin, 
oetector 1241, of figure 2 according to a third embodiment of 

the present invention; 

figure 6 is a diagram illustrating a random staggering 
15 part ,243 or 245> of figure 2 according to an embodiment of the 

present invention; 

figure 7 is a flowchart illustrating a procedure for 
controlling an output of the spread signals according to whether 
a zero-crossing occurs or not in the spread spectrum apparatus 
20 of a CDMA communication system according to the present 
invention; and 

figure 8 is a diagram illustrating a spread spectrum 
apparatus according to another embodiment of the present 

invention . 

An OQPSK DS/CDMA system according to the present invention 
optimally maintains orthogonality between an x-channel signal 
and a .-channel signal to minimize the phase error and avo.d 
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2ero -crossing, thereby preventing regrowth of the sidelobe. To 
this end. the exe.nr.lary embodiment determines whether or not 
.ero-crossing occurs, to output an I-channel spread signal and a 
O-cnannel spread signal, as they are. when the zero-crossing 
does no t occur and randomly staggering the I-channel signal and 
the Q -channel spread signal when the- zero-crossing is detected, . 
thereby avoiding the zero- ? rossing and maintaining the 
orthogonality in the output signal. 

» term "delay- used in the specification refers to both 
retard and advance of a signal, and a term "random staggering" 
has also the same meaning. Here, retarding or advancing a signal 
means shifting a signal in a positive or negative direction on a 
time axis. In addition, a "random staggering part" used in the 
embodiment has the same function a, a normal delay. 

■ Figure . 2 illustrates a spread spectrum apparatus for an 
OQPSK DS/CDMA system according to an embodiment of the present 
invention. In the figure, orthogonal code generators 211 and 221 
„ generate an I-channel orthogonal code WI,t) and a Q-channel 
orthogonal code «Q.t), respectively. In the embodiment, Walsh 
codes are used for the orthogonal codes. A multiplier 213 
multiplies an I-channel input signal Kit) by the orthogonal 
code nit) and outputs an orthogonally modulated signal 
* D I ( t,.WI,t,. A multiplier 223 multiplies a Q-channel input 
signal DQ(t) by the orthogonal code WQ(t) and outputs an 
orthogonally modulated signal DQ,t,.WQ(t). The multipliers 213 
and 223 perform orthogonal modulation. A gain controller 215 
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controls a gain of the orthogonally modulated I-channel signal 
output from the multiplier 213. A gain controller 225 controls a 
gain of the orthogonally modulated Q-channel signal output from 
the multiplier 223. 

PN (Pseudo-random Noise) sequence generators 217 and 227 
generate an I-channel PN sequence PI (t) and a Q-channel PN 
sequence PQ(t), respectively.- A spreader 230 multiplies the 
orthogonally modulated. I- and Q-channel signals output from the 
gain controllers 215 and 225 by the PN sequences . PI (t) and 
. PQ(t), to spread the orthogonally modulated I- and Q-channel 
signals. In the- spreader 230, a multiplier 231 multiplies the 
orthogonally modulated I-channel signal DI (t) *WI (t) output from, 
the gain controller 215 by the PN sequence PI (t) and . outputs a 
signal DI (t) *WI (t) *PI (t) . A multiplier 232 multiplies the 
orthogonally modulated Q-channel signal DQ(t)*WQ(t> output from 
the gain controller 225 by the PN sequence. PI (t) and outputs a 
signal DQ (t) *WQ (t) *PI (t) . A multiplier 233 multiplies "the 
orthogonally modulated Q-channel signal DQ(t)*HQ(t) output from 
the gain controller 225 by the PN sequence PQ(t) and outputs a 
signal DQ(t)*WQ(t)*PQ(t). A multiplier 234 multiplies the 
orthogonally modulated I-chahnel signal DI(t)*Wl(t) by the PN 
sequence PQ(t) and outputs a signal DI (t) *WI (t) *PQ (t) A 
subtracter 235 subtracts an output of the multiplier 233 from an 
5 ■ output of the multiplier 231 and outputs an I-channel spread 
signal XI (t). Here, XI (t) = DI (t) *WI (t) *PI (t) -DQ (t) *WQ (t) *PQ (t) . 
An adder 236 adds an output of the multiplier 232 to an output 
of the multiplier 234 and outputs^ Q-channel spread signal 



XQ(t). Here, XQ(t) - DQ (t) *WQ(t) *PI (t) +DI (t) *WI (t) *PQ (t) . 



A zero-crossing detector 241 receives the spread signals 
XI (t) and XQ{t) and determines whether a zero-crossing occurs 
for both of the two signals, to generate a zero-crossing 
detection signal ZC according to the determination. A first 
random staggering part 243 delays (i.e., retards or advances) 
the I-channel spread signal XI (t) by a given chip unit. A second 
random staggering part 245 delays the Q-channel spread signal 
XQ{t) by the given chip unit. A selector 247 has a first input 
node A receiving the I-channel spread signal XI (t), a second 
input node B receiving an output of the first random staggering 
part 243 and a select node S receiving the zero-crossing 
detection signal ZC output from the zero-crossing detector 241. 
The selector 247 selects the I-channel spread signal XI (t) when 
the zero-crossing detection signal ZC represents nonoccurrence 
of the zero-crossing, and selects the output of the first random 
staggering part 243 when the zero-crossing detection signal ZC 
represents occurrence of the zero-crossing. A selector 24 9 has a 
first input node A receiving the Q-channel spread signal XQ(t), 
a second input node B receiving an output of the second random 
staggering part 245 and a select node S receiving the zero- 
crossing detection signal ZC output from the zero-crossing 
detector 241. The selector 249 selects the Q-channel spread 
signal XQ(t) when the zero-crossing detection signal ZC 
represents nonoccurrence of the zero-crossing, and selects the 
output of the second random staggering part 245 when the zero- 
crossing detection signal ZC represents occurrence of the zero- 
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crossing . 



an fir filter 251 FIR filters an output of the selector 
247 and outputs a transmission signal SI<t>. An FIR filter 253 
TIR filters an output of the selector 249 and outputs a 

. transmission signal SQ(t) . 

In operation, the multiplier 213 multiplies the I-=hannel 
input signal DI,t, by the orthogonal, code «I(t, to adulate, 
orthogonally the I-channel input signal DI,t,, and the 
multiplier 223 multiplies the Q-channel input signal »(« by. 
the orthogonal cade 'm(t) to modulate orthogonally the 0-channel 
input signal DQ (t) . The orthogonally modulated 

■signals are gain controlled in the gain controllers 215 and. 225, 
■ respectively, and then spread into the spread signals XI (t, and 
XQ(t) in the spreader 230, 

•'• For generating the spread . signals XI (t, and XQ,t), the 
multiplier 231 multiplies the orthogonally modulated I-channel 
0 signal output fro* the gain controller 215 by the FN sequence 
to generate a spread signal, and the multiplier 233 
multiplies the orthogonally modulated Q-channel signal output 
from the gain controller. 225 by the FH sequence PQ (t) to 
generate a spread signal. The subtracter 235 then calculates the 
* difference between the spread signals output from the 
multipliers 231 and 233 and outputs the difference as. the I- 
channel spread signal «««,. Also, the multiplier 232 multiplies 
the orthogonally modulated Q-chan»el signal output from the gain 
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controller 225 by the PN sequence PI(t) to generate a spread 
signal, and a multiplier 234 multiplies the orthogonally 
modulated I-channel signal output from the gain controller 215 
by the PN sequence PQ(t) to generate a spread signal. The adder 
5 236 then adds the spread signals output from the multipliers 232 
and 234 to output the Q-channel spread signal XQ(t) - 

The OQPSK DS/CDMA system according to the present 
invention detects the zero-crossing of the spread signals XI (t) 

10 and XQ{t) prior to FIR filtering them, and- performs OQPSK 
modulation when the zero-crossing is detected. That is, when the 
zero-crossing occurs for both of the spread signals XI (t) and 
XQ(t), the DS/CDMA system performs OQPSK modulation to maintain 
the 1/2 chip offset between the I-channel signal XI (t) and the 

15 Q-channel signal XQ(t), thereby preventing substantially 
simultaneous zero-crossing between the I-channel transmission 
signal SI'(t) and the Q-channel transmission signal SQ(t). 
However, when the zero-crossing does not occur for both of. this 
spread signals XI (t) and XQ(t), the DS/CDMA system peirforms QPSK 

20 modulation to maintain the orthogonality between the I-channel 
signal XI (t) and the Q-channel signal XQ(t), thereby minimizing 
the phase error.. 

Here, the zero-crossing detector 241 determines whether or 
25 not the zero-crossing occurs for both of the spread signals 
XI (t) and XQ(t), and generates the zero-crossing detection 
signal ZC-0 when the zero-crossing does not occur. As a result, 
the system serves as the QPSK DS/CDMA system. In this case, the 



10 



12 

selector 247 selects the spread signal XI (t) and the FIR filter 
251 filters the selected spread signal -XI (t) to output the 
transmission signal SI.(t) . Likewise, the selector 249 selects 
the spread signal XQCt) and the FIR filter 253 filters the 
selected spread signal XQ(t). to output the transmission signal 
SQ (t) . 

Figures 3 to 5 illustrate the zero-crossing detector .241 
according to different embodiments of the present invention. 
Figure 3 shows the zero-crossing detector for- the case where the 
spread signals XI <t) and XQ(t) have binary values. Figure 4 
shows the zero-crossing detector for. the case where the spread 
signals XI(t) and XQ(t) have multi-level values . Figure 5 shows 
the zero-crossing detector for the case where the spread signals 
L5 XI (t) and XQ (t) have multi-level values and one of the spread 
signals has a- zero value. Such a zero-crossing detector 214 
determines . whether or not the spread signals XI (t) and .XQ (t) 
cross the zero point or not, to output 2C=1 when they cross the 
zero point together and. output ZC-0 when they do not cross the 
20 zero point . 

Referring to figure 3, when the spread signals XI (t) and. 
XQ(t) have the binary values, the zero-crossing detector .241 
detects the case where the (n-l)th spread signals Xl(n-l) and 
25 XQCn-1) and the nth spread signals XI (n) and XQ(n, change their 
levels simultaneously. That is, a flip-flop 311 delays the 
signal XI (n) by one clock period to output the signal Xl(n-l) 
and a flip-flop 313 delays the signal XQ(t) by one clock period 



.13 

to output the signal XQ(n-l) . An exclusive OR gate 315 
exclusively ORs the signal XI (n) and the signal Xl(n-l), and an 
exclusive OR gate 317. exclusives ORs the signal XQ(n) and the 
signal XQ(n-l). An AND gate 319 ANDs outputs of the exclusive OR 
5 gates 315 and 317 to output the zero-crossing detection signal 
ZC. 

The zero-crossing detector 241. of figure 3 detects the 
zero-crossing and outputs the zero-crossing detection signal 
10 ZC-1, when XI(n)=l and XQ(n)=l for XI(n-l)=0 and XQ(n-l>=0, when 
XI(n)=l and XQ(n)=0 for XI(n-l)=0 and XQ(n-l)=l, when XI(n)=0 
and XQ(n)=l for XI(n-l)=l and XQ(n-l}=0, or when XI(n)=Q and 
XQ(n)=0 for. XI(n-l)=l and XQ<n-l)=l. Otherwise, the zero- 
crossing detector 241 outputs the zero-crossing detection signal 

15 ZC=0. 

Next, referring to figure 4, when the signal XI (t) and the 
signal XQ(t) are multi-level signals, the zero-crossing detector 
241 detects the case where the (n-l)th signals Xl(n-l) and XQ(n- 
20 1) and the. : nth signals ■ XI (n) and XQ(n) change their signs 
simultaneously.. Sign detectors 411 and 413 detect the most 
significant bits (MSBs) of the signals XI (n) and XQ(n) and 
output them as sign bits. A flip-flop 415 delays the sign- bit of 
the signal XI (n) by one clock period to output a sign bit of the 
25 signal Xl(n-l), and a flip-flop 417 delays the sign bit of the 
signal XQ(n) by one clock period to output a sign bit of the 
signal XQ(n-l) . An exclusive OR gate 419 exclusively ORs the 
sign bits of the signals XI (n) and XI (n-1) , and an exclusive OR 
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ga te 421 exclusiveiy OKs the sign bits of the signals »(n, an, 
X Q( n-l>. *n ^ gate 423 outputs of the exclusive OK gates 

41. and 421 to output the zero-crossing detection signal ZC. 

R ccordingly. the zero-crossing detector 6f figure 4 
the zero-crossing and outputs the zero-crossing 



detects 
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detection signal ZC-1. when sgntXX <n> .XClnn- -.- *~ -»l»<~ 
■■ li;xe i a -l„-,*; "hen sgntXX^.XO.nn- — , £ or sgn.xxln- 
1) .XQ«»-M 1 — -n sgn t X I( n,.X Q( nH= + .-for sgn.Xl «n-l> ,X0 n- 
in _ . or when sgn<XX (n, ,X0<n> ♦ «« sgnlXX <n-l> ,X0 <n-lU = 
■-. Here. sgn.X.V,. corresponds to an operation for tafcing the 
of the signals »X" and -V. Otherwise, the zero-crossing 
detector 2 41 outputs the zero-crossing detection signal ZOO. m 
mo st cases, the sign hit detectors 411 and 413 taKe. t h e »ost 
; significant bit to detect the sign bit. 

further, referring to figure S. when, the spread signals 
XX ,t, .and .xo.t, are m ulti-level signals and one of the signals 

Hoi-prtor 241 detects the 
has the zero value, the zero-crossing detector 

. ' VT \ or XQ(n-l) having a. non- 
l0 case where the (n-l)tK sxgnal XI (n 1) ,*>( 

zero value changes its sign at the nth signal XXIn, or *(n, . 

A sigh detector . 511 detects the *ost significant hit of 

• i xt in) and output the detected bit as a sxgn 
the spread sxgnal XI (n) ana ou t> 
„ bit . A curator SI, chares the spread signal XX , with 

sig „al of value -0-. * ^p-flop - — *» ^ ^ 

le signal XX ,n-l, • * ^P—P ^ » ^ " ^ 
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comparator 515 by one clock period. An exclusive OR gate 529 
exclusively ORs the sign bits of the spread signals XI (n) and 
Xl(n-l). An exclusive OR gate 531 exclusively ORs an output of 
the comparator 515 and an output of the flip-flop 523, and. an 
5 AND gate 537 ANDs outputs of the exclusive OR gates 529 and 531. 

A sign detector 513 detects the most significant bit of 
the spread signal XQ(n) and outputs the detected bit as a sign 
bit. A comparator 517 compares the spread signal XQ(n) with a 

10 signal of value "0". A flip-flop 525 delays the sign bit of the 
spread signal XQ(n) by one. clock period to output a sign bit of 
the- signal XQ(n-l) -A flip-flop 527 delays an output of . the 
comparator 517 by one clock, period. An exclusive OR gate 533 
exclusively ORs the sign bits of the spread signals XQ(n) and 

15 XQ(n-l). An exclusive OR gate 535 exclusively ORs an output of 
the comparator 517 and an output of the flip-flop 527, and an. 
AND gate 539 ANDs outputs of the exclusive OR gates 533 .and 535. 

An OR gate 5.41 ORs outputs of the AND gates 537 and 539 to 
20 output the zero-crossing detection signal ZC. 

Accordingly, the zero-crossing detector 241 of figure 5 
detects the zero-crossing, and outputs the zero-crossing 
detection signal ZC=1, when XI(n)=0 and sgn[XQ(n)]= - for XI (n- 
25 1)=0 and sgn[XQ(n-l) ] =+, when XI{n)=0 and sgn[XQ(n)]=+ for XI (n- 
1)=0 and sgn[XQ(n-l)]= -, when sgn[XI(n)]= - and XQ(n)=0 for 
sgn[XI(n-l) ]=+ and XQ(n-l)=0, or when sgn[XI{n)]=+ and XQ(n)=0 
for sgn[XI(n-l)]= - and XQ(n-l)=0. Here, sgn(X) corresponds to 



16 



an operation for taking the sign of the signal "X". Otherwise, 
the zero-crossing detector 241 outputs the zero-crossing, 
detection signal ZC=0. In most cases, the sign detectors 511 and 
513 take the most significant bit to detect the sign bit. 

Moreover, in addition to the structures shown in FIGs. 3 
to 5, it is also possible to construct a similar zero-crossing 
detector in the event where the spread signals XI (t) and XQCt) 
undergo the conceptual zero-crossing. 

The zero-crossing detector 241 determines whether or not 
the zero-crossing occurs, f or both of the spread signals XI (t) 
and XQ(t) and generates the . zero-crossing detection signal. EOl •. 
when occurrence of the zero-crossing is detected. When ZC-1, the 
system serves as the OQPSK DS/CDMA system. In this case,:, the 
selector 247 selects the spread signal XI (t, which is retarded 
or. advanced by the . chip unit in the first random staggering part 
243, and the FIR filter 251 filters the output of the first 
random staggering part 243 to output the transmission signal 
SI(t). Further, a selector 249 selects the spread signal XQ(t) 
which is retarded or advanced by the chip unit in the second 
random staggering part 245, and the FIR filter 253 filters the 
output of the second random staggering part 245 to output the 
transmission signal SQ(t) . 

Assuming that the I-channel signal and the Q-channel 
signal should have the 1/2 chip phase difference, the first 
random staggering part 243 and the second random staggering part 
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245 can be realized in several methods as follows: 

In a first method, a random number is generated. When the 
generated random number is a positive number • (+) , and the spread 
signal XI (t) is delayed- by +1/4 chip and. the spread signal XQ(t) 
is delayed by -1/4 chip, thus maintaining the 1/2. chip 
difference between the spread signals XI (t) and XQ(t). However, 
when the generated random number is a negative number <->, the 
spread signal XI (t) is delayed, by -1/4 chip and the spread 
signal XQ(t) is delayed by +1/4 chip, thus maintaining the 1/2 
chip difference between the spread signals XI (t) and XQ(t). 

In a second method, a random number is generated. When the 
generated random number is a positive number < + > , the spread 
signal XI (t) is delayed by -1/4 chip and the spread signal XQ(t) 
is delayed by +1/4 chip, thus maintaining the .1/2 chip 
difference between the spread signals. XI (t) and XQ(t). However, 
when the generated random number is a negative number (-) , the 
spread signal XI (t) is delayed by +1/4 chip and the spread 
signal XQ(t) is delayed by -1/4 chip, thus maintaining the 1/2 
chip difference between the spread signals XI (t) and XQ(t) . 

Figure 6 illustrates the structure of the random 
staggering part 243 (or 245). Referring to figure 6, to maintain 
the 1/2 chip difference between the X-channel signal and the Q- 
channel signal, an early clock CK1 is advanced by +1/4 chip with 
respect to a reference clock and a late clock CK2 is retarded by 
-1/4 chip with respect to the reference clock. A random sequence 
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generator 619 generates random sequences. Here, the random 
sequence generator 619 can be a PN (Pseudo-random Noise) 
sequence generator. In the figure, flip-flops 611 and 613 and a 
selector 621 constitute the first random staggering part 243, 
and flip-flops 615 and 617 and a selector 623 constitute the 
second random staggering part 245. 

In operation, a signal RI{n) is delayed by +/-• 1/4 chip 
with respect to the spread signal XI (n) at a reference time and 
a signal RQ(n) is delayed by -/+ 1/4 chip with respect to the 
spread signal XQ(n) at the reference time, according to an 
output of the random sequence generator 619. Accordingly, the 
signals RI(n) and RQ(n) also have the 1/2 chip, difference. 
Although the zero-crossing occurs for the; signals XI (n) and 
XQ(n), the 1/2 chip difference between the signals RI (n) and 
RQ(n) is maintained, avoiding the zero-crossing. 

Figure, 7 is . a flowchart illustrating a procedure . for 
determining whether or not the zero-crossing occurs for both of 
the two different channel signals in the CDMA communication 
system according to the present invention.. Referring, to figure 
7, as the new I- and Q-channel signals XI (n) and XQ(n) are 
received in step 711, the current I- and Q-channel signals XI (n) 
and XQ(n) and the previous I- and Q-channel signals Xl(n-l) and 
XQ(n-l) are analyzed in step 713. It is determined in step 715 
whether the zero-crossing has occurred between I-channel signals 
XI (n) and Xl(n-l) and whether or not zero-crossing has occurred 
between the Q-channel signals XQ(n) and XQ(n-l), in the manner 
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shown in figures 3, 4 and 5. When it is determined in step 715 
that the zero-crossing has not occurred between the I-channel 
signals and . the Q-channel signals, the current input signals 
XI (n) and XQ(n) are output as the transmission signals without 
5 offset, in step 719. After modulating the input signals without 
offset, the signals XI (n) and XQ(n) are stored as signals XI (n- 
1) and XQ(n-l), respectively, preparing for the next state. 

However, when the zero-crossing has occurred for the I- 
10 channel signal XI (n) and the Q-channel signal XQ(n) in step 715, 
the I-channel signal XI (n) and the Q-channel signal XQ(n) are so 
controlled as to have the offset in the chip unit . For the 
offset, it. is possible to provide a preset offset by staggering 
the signals XI (n) . and XQ(n> in different directions or by 
15 staggering one of the signals XI (n) and XQ(n) by a preset value. 
In addition, it is possible to provide the . desired of f set by 
-staggering the signals XI (n) and XQ(n)by a fixed value or a 
random value. When the signals XI (n) and XQ(n) are. so staggered 
as to have the offset value, there does not occur the. zero- 
20 crossing between the signals XI (n) and XQ (n) . Then, in step 719, 
the signals XI (n) and XQ(n), which are offset by a predetermined 
value, are modulated and output as the transmission signals. 
After offsetting the input signals to modulate them, the signals 
XI(n) and XQ(n) are stored as signals XI (n-1) and XQ(n-l), 
25 respectively, preparing for the next state. 

Accordingly, the spread spectrum apparatus according to 
the present invention includes a scheme for detecting zero- 
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crossing of the I (In-phase) channel signal and the Q 
(Quadrature-phase) channel signal, to provide, when the zero- 
crossing, occurs, a difference (or offset) between the I-channel 
signal and the Q-channel signal in order to prevent the I- and 
Q-channel signals from being, changed simultaneously, and to 
transit the. I- and Q-channel signals, as they are, when the 
zero-crossing does not occur. Therefore, the embodiment 
transmits the channel/signals, as they are, when the zero- 
crossing . does not occur for . the two. channel signals, and 
provides an offset between, the I- and Q-channel signals to 
prevent zero-crossing before transmission, when, the zero- 
crossing is detected. That is, the embodiment detects occurrence 
of the zero-crossing, for the I-channel signal and the Q-channel 
signal, to provide an offset therebetween before transmission, 
only when the zero-crossing has been detected. 

Here, to provide an offset between the I-channel signal 
and the Q-channel signal, the embodiment includes the random 
staggering parts 243 and 244 on the I-channel and. the Q-channel, 
respectively, as shown in figure 2, and delays the corresponding 
channel . signals, for exainple, by 1/4 chip using the random 
staggering parts 243 and 245. However, it can be understood that 
any signal retarding or advancing technique can be used in place 
of the signal random staggering technique . That is, it is 
S possible to use a technique for fixedly delaying the I-channel 
signal by +1/4 chip and the Q-channel signal by -1/4 chip, upon 
detection of the zero-crossing . In addition, when a • time T is 
shorter than one chip time, it is also possible to delay (retard 
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or advance) the I-channel signal by +T and the Q-channel signal 
by -T, instead of 1/4 chip. 

Moreover, it is also possible to connect the random 
staggering part to a selected one of the I-channel and the' Q- 
channel, instead of connecting the random staggering parts both 
to the I-channel and Q-channel. Figure 8 illustrates the spread 
spectrum apparatus having the random staggering part only on the 
Q-channel . - 

Referring to figure 8, the orthogonal code generators 211 
and 221 generate the I-channel orthogonal code WI(t) and the Q- 
channel orthogonal code WQ{t), respectively- In the embodiment, 
Walsh codes are used for the orthogonal codes. The multiplier 
213 multiplies the I-channel input signal DI (t) by the 
orthogonal code WI(t) and outputs an orthogonally modulated 
signal DI(t)*WI(t). The multiplier 223 multiplies the Q-channel 
input signal : DQ(t) by the orthogonal code WQ{t) and outputs an 
orthogonally modulated signal DQ (t) *WQ (t). . The multipliers 213 
and 223 perform orthogonal modulation. The gain controller 215 
controls a gain of the orthogonally modulated I-channel signal 
output from the multiplier 213- The gain controller 225 controls 
a gain of the orthogonally modulated Q-channel signal output 
from the multiplier 223. 

PN sequence generators 217 and 227 generate the I-channel 
PN sequence PI (t) and the Q-channel PN sequence PQ(t), 
respectively. The spreader 230 multiplies the orthogonally 
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Adulated I- and Q-channel signals output from the 
controllers 215 and 225 by the PH sequences »I«t> and PQ(t). 
respectively, to spread the orthogonally modulated I- and Q- 
channel signals. In. the spreader 230, the multipUer 231 
; multiplies the orthogonally adulated I-channel signal 
DI(t) .«I,t, output fro. the gain controller 215 by the n 
sequence Hit, and outputs a signal DI <t, *WI ,t, -PI (t, . The 
multiplier 232 multiplies the orthogonally modulated Q-channel 
signal M,t)-«lt) output from the gain controller 225 by the P» 
„ sequence PI(t, and outputs a signal DQ.t, ..WQ.t, -PI ,t, . The 
.uitiplier 233 multiplies the orthogonally modulated Q-channel. 
signal MCtl-Wl*) output from, the . gain controller 225 by the PN 
sequence PQ,t> and outputs a signal . C Q (t, .«0,t> . M ,t, . The 
multiplier 234 multiplies the orthogonally modulated I-channel 
« signal DI<t,.WI(t) by the. PN sequence PQ(t) and outputs a signal. 
- D I ( t,*«Kt>*PQ<t,. The subtracter 235 subtracts an output of the. 
multiplier .233 from an output of the multiplied -231 and. outputs 
an ^channel spread signal XI (t, . Here. XMt>. - 
DI( t,.«I(t).PI(t)-DQ I t..«0(t.*P Q (t,. The adder 236 adds an 
» output of the multiplier 232 to an output of the multiplier 234 
an outputs- a 0-=hannel spread signal XQ.t, . Here, XQ(t, - 
DQ (t) -HQ (t) *PI (t) +DI (t) *WI (t) «PQ (t) . 

h zero-crossing detector 812 receives the spread signals 
* XKt, and XQ,t, and determines whether the zero-crossing occurs 
£or the two Signals, -to generate a zero-crossing detection 
si g nal ZC according to the determination. The zero-crossing 
detector 812 may have the same structure and operation as that 
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shown in figures 3, 4 and 5. A random staggering part 814 
retards or advances the Q-chahnel signal by the chip unit. The 
random staggering part 814 may have the same structure and 
operation as that shown in figure 6. Here, the random staggering 
part 814 can retard or advance the Q-channel signal XQ(t) by the 
1/2 chip unit. A selector 816 has a first input node A receiving 
the Q-channel spread signal XQ(t), a second input node B 
receiving an output of the random staggering part 812 and a 
select node . S receiving the zero-crossing detection signal ZC 
output from the zero-crossing detector 812. The selector .816 
selects the Q-channel spread signal XQ(t) when the zero-crossing 
detection signal ZC represents nonoccurrence of the zero- 
crossing, and selects the output of the. second random staggering 
part 816 when the zero-crossing detection' signal ZC represents 
occurrence of the zero-crossing. 

The FIR filter 251 FIR filters an output of the selector 
247 and outputs a transmission signal SI (t) . The FIR filter 253 
FIR filters an output of the selector 249 and. outputs a 
transmission signal SQ(t)., ■ ' 

When the zero-crossing occurs,. the spread spectrum 
apparatus of figure 8 delays only the Q-channel signal by the 
1/2 chip unit to avoid the zero-crossing. However, when the 
zero-crossing does not occur, the I-channel signal and the Q- 
channel signal are transmitted as they are (without delay), in 
the same manner as described in figure 2. Although figure 8 
shows an exemplary structure in which the random staggering part 
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is connected to the Q-channel, it is also possible to connect 
the random staggering part to the I-channel. 

Although the present invention has been described with 
5 reference to the DS/CDMA system which selectively uses QPSK or 
OQPSK modulation according to the zero-crossing detection, the 
inventive concept can also be applied to a non-DS/CDMA system 
which mixedly uses QPSK and OQPSK modulation. In this case,- the 
signals output from the FIR filters 251 and 253 are input as I- 
10 and Q-channel signals of the QPSK modulator, respectively. 

As described above, the OQPSK DS/CDMA system according to 
the present invention detects occurrence of the zero-crossing 
for the spread signals of the I-channel and the Q-channel, uses 
•15 ' QPSK modulation to maintain the orthogonality between, the 
channels when the zero-crossing does not occur, and uses OQPSK 
adulation, by random staggering to avoid the zero-crossing 
between the spread .signals when the- zero-crossing occurs. 
Accordingly, it is possible toprevent regrowth of the sidelobe 
20 and minimize the . phase error due- to the non-orthogonality 
. between the I-channel -signal and the Q-channel signal, which is 
a drawback of OQPSK modulation. 

While the invention has been shown and described with 
25 reference to a certain preferred embodiment thereof, it will be 
understood by those skilled in the art that various changes in 
form and details may be made therein without departing from the 
spirit and scope of the invention as defined by the appended 
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CLAIMS 



1. Modulation apparatus comprising 

" a zero-crossing detector for determining whether zero- 

crossing occurs for a first signal and a second signals- 
means for.outputting the first and second signals so that 
one signal is delayed with respect to the other as first and 
second channel. signals when the zero-crossing has been detected 
or the first and second signals as the first and second channel 
y signals when the zero-crossing has not been detected: 

2. Apparatus as claimed in claim 1, comprising: 

a first delay for delaying the first input signal, in- a 
first direction by a preset period; 
15 a second delay for delaying the second input signal in a 

second direction by the preset period; and 

a selector for selecting the outputs of the first, and 
second delays as first and second channel signals when the zero- 
crossing occurs, and selecting the first and second input 
20 signals as the first and. second channel signals when the zero- 
crossing does not occur. 

3. Apparatus as claimed in claim 2, wherein the first delay 
shifts the first input signal in a positive direction by the 
25 preset period and the second delay shifts the second input 
signal in a negative direction by the preset period. 

4. Apparatus as claimed in claim 2, wherein the first delay 
shifts the first input signal in a negative direction by the 
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preset period and the second delay shifts the second input 
signal in a positive direction by the preset period. 



5. Apparatus as claimed in any preceding claim, wherein the 
5 first channel is an in-phase channel and the second channel is a 

quadrature phase channel. 

6. Apparatus as claimed in claim 1, comprising: 

a delay for shifting the first input signal by a preset 

10 period; and 

a selector for selecting the output of the delay and the 
second input signal as first and second channel signals when the 
zero-crossing occurs, and selecting the. first and second input 
signals as the first and second channel signals when, the zero- 

15 crossing does not occur. 

7. Apparatus as claimed in claim 6, wherein said delay shifts 
the first input signal in a positive direction by the preset 
period. 



20 



25 



8. Apparatus as claimed in claim 6, wherein said delay shifts 
the first input signal in a negative direction by the preset 
period. 

9. Apparatus as claimed in any of claims 6 to 8, wherein the 
first channel is an in-phase channel. 
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Apparatus as claimed in any of claims 6 to 8, wherein the 
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first channel is a quadrature phase channel. 



11. A spread spectrum apparatus for a CDMA (Code Division 
Multiple Access) communication system, comprising: 

a spreader for combining first and second input signals 
with corresponding. PN (Pseudo-random Noise) sequences to 
generate first and second spread signals; 

a zero-crossing detector for determining whether zero- 
crossing occurs between the first spread signal and the second 
spread signal, to generate a zero-crossing detection signal; 

means for outputting the first and second spread signals 
so that one signal is delayed with respect to the other as first 
and second channel signals when the zero-crossing has been . 
detected or the first and second spread signals as the first and 
second channel signals when the zero-crossing has not been 

detected. 

12. Apparatus as claimed in claim 11,. comprising: 

a first delay for staggering the first spread signal in a 

first direction; 

a- second delay for staggering the second spread signal in 

a second direction; 

a first selector for selecting one of the first spread 
signal and a first staggered signal output from the first delay 
in response to the zero-crossing detection signal; and 

a second selector for selecting one of the second spread 
signal and a second staggered signal output from the second 
delay in response to the zero-crossing detection signal; 
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whereby the first and second staggered signals are 
selected when the zero-crossing occurs, and the first and second 
spread signals are selected when the zero-crossing does not 
occur, thereby maintaining an orthogonality of transmission, 
signals* 

13. Apparatus as claimed in claim 12, wherein the first delay 
shifts the first spread signal in a positive direction by a 
preset chip and the second delay shifts the second spread signal 
in a negative direction by a preset chip. 

14. Apparatuses claimed in claim 13, wherein the first delay 
shifts the first. spread signal by . + l/4 chip and the- second delay 
shifts the second spread signal by -1/4 chip. 

. i5 . Apparatuses, claimed in claim 12, wherein the first delay, 
shifts the first spread signal in a negative direction by . a 
preset chip and. the second delay shifts the second spread signal 
in a positive direction by a preset, chip. 

16. Apparatus as claimed in claim 15, wherein the first delay 
shifts the first spread signal by -1/4 chip and the second delay 
shifts the second spread signal by +1/4 chip. 

5 17. Apparatus as claimed in any of claims 12 to 16, wherein 
the first channel is an in-phase channel and the second channel 
is a quadrature phase channel. 
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18. Apparatus as claimed in any preceding claim, wherein the 
first input signal and the second input signal are respectively 
a first orthogonally modulated signal and a second orthogonally 
modulated signal which are combined with corresponding 
orthogonal codes. 

19. Apparatus as claimed in claim 12, comprising: 

a delay for staggering the first spread signal; and 
a selector for selecting the second spread signal and a 
staggered signal output from the delay in response to the zero- 
crossing detection signal; 

whereby the first spread signal and the staggered signal 
are selected when the zero-crossing occurs, and the first and 
second spread signals are selected when the zero-crossing does 
not occur, thereby maintaining an orthogonality of transmission 

signals . 

20. Apparatus as claimed in claim 19, wherein the delay shifts 
.the first spread, signal in a positive direction by a preset 

chip 

21. Apparatus as claimed in claim 19, wherein the delay shifts 
the first spread signal in a negative direction by a preset 
chip. 

22. Apparatus as claimed in either of claims 20 or 21, wherein 
the delay shifts the first spread signal by 1/2 chip. 
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23. Apparatus as claimed in claim, any of claims 19 to 22, 
wherein the first channel is an in-phase channel. 

24. Apparatus as claimed, in. any of claims 19 to 22, wherein 
5 the first channel is a quadrature phase channel. 

. 25.- Apparatus as claimed in any of claims 19 to 24, wherein 
the first input signal and the second input signal are. 
respectively a first orthogonally modulated signal and a second 
10 orthogonally modulated signal which are combined with 
corresponding orthogonal codes. ■ . 

• 26. Apparatus as claimed in preceding claim, further 
comprising 

15 . a modulator for QPSK modulating the. first and second, 

channel signals. 

27 . A method comprising the steps of 

> determining whether zero-crossing occurs, for a first input 
20 signal and a second input, signal; and . 

outputting the first and second. input signals so that one 
signal is delayed with respect to the other as first and second 
channel signals when the zero-crossing has been detected or the 
first and second input signals as the first and second channel 
25 signals when the zero-crossing has not been detected. 

28. A method as claimed in claim 27, comprising the steps of 

delaying the first input signal in a first direction by a 
preset period; 



delaying the second input signal in a second direction by 

the preset period; and 

selecting the outputs of the first and second delays as 
first and second channel signals when the zero-crossing occurs, 
and selecting the first and second input signals as the first 
and second channel signals when the zero-crossing does, not 



occur . 



29 . a method as claimed in claim 28, wherein the first . delay 
shifts the first input signal in a positive direction by the 
preset period and the second delay shifts the second input 
signal in a negative direction by the preset period. 

30. A method, as claimed in claim 28, wherein the first delay 
shifts the first input signal in a negative direction by the. 
■ preset period ■ and the second delay shifts the second input 
signal in a positive direction by the preset period. 

31. A method as claimed in any of claims 27 to 30, wherein the 
first channel is an in-phase channel and the second channel is a 
quadrature phase channel. 

32. A method as claimed in claim 27, comprising the steps of 
shifting the first input signal by a preset period; and 

5 selecting the output of the delay and the second input 

signal as first and second channel signals when the zero- 
crossing occurs, and selecting the first and second input 
signals as the first and second channel signals when the zero- 
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crossing does not occur. 



33. A method as claimed in clam 32, wherein the step of 
shifting shifts the first input signal in a positive direction 

5 by the preset period. 

34. A method as claimed in claim 32, wherein the step of 
shifting shifts the first input signal in a negative direction 

by. the preset period, 

10 

35. A method a, claimed in any of claims 32 to 34, wherein the 
first channel is an in-phase channel. 

. 36. A method as claimed in any of claims 32 to 34 , wherein the 
15 first channel is a quadrature phase channel. 

37. A spread spectrum method for a CDMA (Code Division Multiple 
Access) communication system, the method comprising .the steps of 
. combining first and second input signals with 
20 corresponding PN (Pseudo-random Noise) sequences to generate, 
first and second spread signals; 

determining whether zero-crossing occurs between the first 
spread signal and the second spread signal, to generate a zero- 
crossing detection signal; and 

outputting the first and second spread signals so that one 
signal is delayed with respect to the other as first and second 
channel signals when the zero-crossing has been detected or the 
first and second spread signals as the first and second channel 
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signals when the zero-crossing has not been 



38. A method as claimed in claim 31, comprising the steps of 
staggering the first spread signal in a first direction; 
5 staggering the second spread signal in a second directions- 

selecting one of the first spread signal and a first 
staggered signal output from the first. delay in response to the 
zero-crossing detection signal; and 

selecting one of the second spread signal and a second 
10 staggered signal, output from the second delay in response to the 
zero-crossing detection signal; 

. whereby the first and second staggered signals are 
selected when the zero-crossing occurs, and the first and second 
• spread signals are selected when the zero-crossing does not 
15 occur, thereby maintaining an orthogonality of transmission. 
. signals - 

39.. A method as claimed in claim 38, wherein the step of 
staggering the first spread signal shifts the first spread 
20 signal in a positive direction by a preset chip and the step of 
staggering the second spread signal shifts the second spread 
signal in a negative direction by a preset chip. 

40. A method as claimed in claim 39, wherein the step of 
25 • staggering the first spread signal- shifts the first spread 
signal by + 1/4 chip and the step of staggering the second spread 
signal shifts the second spread signal by -1/4 chip. 



s: 
s: 



41. A method as claimed in claim 38, wherein the step of 
staggering the first spread signal shifts the first spread 
signal in a negative direction by a preset chip and the step of 
staggering the second spread signal shifts the second spread 
signal in a positive direction by a preset chip. 

42. A method as claimed in claim 41, wherein the step of 
staggering the first spread signal shifts the first spread 
signal by -1/4 chip and the step of staggering the second spread 
signal shifts the second spread signal by +1/4 chip. 

43. A method as claimed in any of claims 38 to 42, wherein the 
first channel is an in-phase channel and the second channel is a 
quadrature phase channel. 

44.. A method. as claimed in any of claims 27 to 43, wherein the 
first input signal and the second input signal are respectively 
a first orthogonally modulated signal and a second orthogonally 
modulated signal which are combined with corresponding 
orthogonal codes. 

45. A method as claimed in claim 27, comprising the steps of 
staggering the first spread signal; and 

selecting the second spread signal and a staggered signal 
output from the delay in response to the zero-crossing detection, 
signal; 

whereby the first spread signal and the staggered signal 
are selected when the zero-crossing occurs, and the first and 
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second spread, signals are selected when the zero-crossing does 
not occur, thereby maintaining an orthogonality of transmission 
signals. 

46. A method as claimed in claim 45, wherein the step of 
staggering the first spread signal shifts the first spread 
signal in a positive direction by a preset chip. 

47. A method as claimed in claim 45, wherein the step of 
staggering the first spread signal shifts the first spread 
signal in a negative direction by a preset chip. 

,48.. A. method as claimed in either of claims 46 or 47, wherein 
the step of staggering shifts the first spread signal by. 1/2 
ichip. 

49. A method as claimed in claim any of claims 45 to 48, 
wherein the first channel is an in-phase channel. 

50. A method as claimed in any of claims 45 to .48, wherein the 
first channel is a quadrature phase channel. 

51. A method as claimed in any of claims 45 to 50, wherein the 
first input signal and the second input signal are respectively 
a first orthogonally modulated signal and a second orthogonally 
modulated signal which are combined with corresponding 
orthogonal codes- 
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52. A method as claimed in of claims 27 to 51, further 
comprising 

QPSK modulating the first and second channel signals. 

53. A communication method substantially as described herein 
with reference to and/or as illustrated in figures 2 to 8 of the 
accompanying drawings. 

54. Communication apparatus substantially as described herein 
with reference to and/or as illustrated in figures 2 to 8 of the 
accompanying drawings. 
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